Abstract Predicting the survival of a patient with heart failure (HF) is a complex problem in clinical practice. Our previous study reported that extracellular HSP70 (HSPA1A) correlates with markers of heart function and disease severity in HF, but the predictive value of HSP70 is unclear. The goal of this study was to analyze extracellular HSP70 as predictive marker of mortality in HF. One hundred ninetyfive patients with systolic heart failure were enrolled and followed up for 60 months. By the end of follow-up, 85 patients were alive (survivors) and 110 died (nonsurvivors). HSP70 (measured by ELISA in the serum) was elevated in nonsurvivors, compared with survivors (0.39 [0.27-0.59] vs. 0.30 [0.24-0.43] ng/ml, respectively, p = 0.0101). In Kaplan-Meier survival analysis higher HSP70 levels above median were associated with a significantly increased mortality. In multivariable survival models, we show that HSP70 level above the median is an age-, sex-, body mass index-, creatinine-, and NT-proBNP-independent predictor of 5-year mortality in HF. Extracellular HSP70 could prove useful for estimating survival in patients with HF.
Introduction
Heart failure (HF) is a major public health problem associated with increased morbidity and mortality. As in the USA, life expectancy increases and the population ages, the overall prevalence of HF will continue to rise (Deedwania and Carbajal 2012) . The prevalence of heart failure can be estimated at 1-2 % in the Western world and its incidence approaches 5-10 per 1,000 persons per year. Its prevalence is 10 % or higher among individuals aged 85 years or older (Mosterd and Hoes 2007) . Heart failure has traditionally been considered a disease of the myocardium, with symptoms arising from altered hemodynamics. However, it is now recognized that, in addition to the marked neuroendocrine disturbance, there is a perturbation of cytokine expression in patients with heart failure. The resulting inflammatory imbalance plays a central role in the underlying pathophysiological processes of heart failure, and leads to disease progression, as well as to a poorer prognosis (Pugh et al. 2002) .
Within the heat shock protein (HSP) family, HSP70 (HSPA1A) has been structurally and functionally conserved during evolution. It is ubiquitous in all organisms, from archaebacteria through plants to humans (Daugaard et al. 2007 ). HSP70 plays a multiple role in cellular homeostasis. Its level increases rapidly in response to various types of severe stress, as a protection against a subsequent, nearlethal, ischemic, or hypoxic event (Hecker and McGarvey 2011) . Besides, it is involved in the folding of proteins, in their transport between cellular compartments, and in the breakdown of the irreversibly damaged ones. HSP70 has been detected also in the circulation, in the extracellular space, and its presence has been demonstrated in the serum of healthy individuals (Pockley et al. 1998 ). HSP70 could be passively released from necrotic cells, and actively excreted by a nonclassical secretory pathway (Asea 2007) . HSP70 has a number of extracellular functions, some of which involve immunoregulation, and others that are more focused on cellular homeostasis and protection (Henderson and Pockley 2010) . Elevated HSP70 level in the serum or tissues appears to be a nonspecific indicator of organ ischemia or dysfunction (Hecker and McGarvey 2011) . A large body of evidence from the literature shows that extracellular HSP70 is important and useful as a biomarker in different clinical situations, including heart failure. Genth-Zotz and colleagues showed first that serum HSP70 is elevated in HF patients as compared to healthy controls, and increased serum HSP70 is related to disease severity but not to survival (Genth-Zotz et al. 2004) . Our group demonstrated previously that high serum HSP70 level is associated with the severity of heart failure. Indicating a complex stress response, HSP70 levels were associated with left ventricular ejection fraction and NT-proBNP (Gombos et al. 2008) . Circulating HSP70 levels were elevated in patients with idiopathic left ventricular dysfunction (Giannessi et al. 2007 ). Serum HSP70 was also significantly higher in heart failure patients with different types of cardiomyopathy (Wei et al. 2009 ). Moreover, HSP70 plays an important role in acute myocardial ischemia since it is rapidly released into the circulation after acute myocardial infarction, has been suggested as a marker of myocardial damage (Dybdahl et al. 2005; Satoh et al. 2006) . Increased levels of HSP70 were significantly associated with the risk and severity of the acute coronary syndrome (Zhang et al. 2010) . Additionally, the role of The detailed description of the patient group and its management, as well as data collection, blood sampling, and laboratory measurements were reported previously (Gombos et al. 2008; Forhecz et al. 2009 ). Serum HSP70 levels (R and D Systems, Minneapolis, MN, USA) were measured by ELISA, according to the manufacturers' instructions. We use the term "HSP70" as a synonym for HSPA1A under the new nomenclature (Kampinga et al. 2009 ) Kaplan-Meier survival plots in the two subgroups of HF patients stratified according to median HSP70 (HSPA1A) levels. The p value of the log-rank test is indicated. Survival times were measured from inclusion until the end of follow-up. Survival was plotted according to the Kaplan-Meier method, and differences in survival between the groups were compared with the log-rank test. The power of the logrank test was sufficiently high (p=0.9, alpha=0.05) to support the above conclusion HSP70 in the progression of vascular calcification was also demonstrated: its levels correlated with the severity of atherosclerosis in patients with carotid artery disease and chronic lower limb ischemia (Krepuska et al. 2011) .
As an integrative marker of stress, and based on its relationship to disease severity, we hypothesized that HSP70 could be an independent predictor of mortality in HF. Accordingly, the present study aimed to analyze the association of HSP70 level with overall 5-year survival.
Results and discussion
One hundred ninety-five patients with systolic heart failure were enrolled. Our work group reported previously the baseline clinical characteristics of the study group (Gombos et al. 2008; Forhecz et al. 2009 ). The demographic data, clinical characteristics, and comparison of the survivors and nonsurvivors followed up for 5 years are presented in Table 1 . All patients were followed-up for 60 months (contacted between 56 and 60 months; median, 60 months) after study entry. The primary outcome measure was the death of the patient from any cause. Eighty-five patients (43.6 %) were alive (survivors) at the end of the 5-year follow-up; 110 (56.4 %) died (nonsurvivors). First, we analyzed whether increased HSP70 levels are associated with all-cause mortality and found a significant (p=0.0101) association (see Table 1 ). Advanced age, elevated NT-proBNP and creatinine levels, as well as decreased body mass index (BMI), and left ventricular ejection fraction (EF) were similarly associated with mortality (Table 1) .
Next, we analyzed survival. The 195 patients were stratified, according to the median value of HSP70 (0.33 ng/ml), into low-or high-HSP70 groups. Kaplan-Meier survival analysis was done to describe mortality over time in both groups ( Fig. 1) . In our study, higher HSP70 levels were associated with an increased mortality (log-rank test, p= 0.0047, Fig. 1 ) during the 5-year-long follow-up period. Additionally, we observed a trend of increasing 5-year mortality rate in the groups with higher HSP70 levels. As presented in Fig. 2 , mortality rates rose gradually in the subsets with elevated HSP70 levels (four subsets were created according to the 25th, median, and 75th percentiles of HSP70; chi-square test for trend, p=0.0265, Fig. 2) .
Therefore, HSP70 was evaluated as a potential predictor of outcome in univariable and multivariable Cox regression models. In the univariable Cox proportional hazards risk model, HSP70 (as a categorical variable, stratified according to the median level) was a significant predictor of 5-year mortality (hazard ratio, 1.712; 95 % confidence interval, 1.174-2.496 when comparing patients with high versus low HSP70 level, Wald chi-square=7.877, p=0.005, Table 2 ). In addition to HSP70 levels, the univariate survival analysis showed that age, BMI, and left ventricular EF, as well as NT-proBNP, and serum creatinine levels were also associated with 5-year mortality (data not shown). Therefore, multivariable Cox regression analysis was performed to test the independence of HSP70 Fig. 2 Mortality rates (95 % CI) in the four subsets of HF patients stratified according to HSP70 (HSPA1A) levels (25th percentile, median, and 75th percentile). The p value obtained by the chi-square test for trend is indicated (chi-square=4.92, degrees of freedom=1). The patients were contacted between the 56th and 60th months (median, 60 months) after study entrance. The primary outcome measure was the death of the patient from any cause. We ascertained the death of the patients reported by their family members or the medical staff by checking the data of the national health registry. To compare mortality rates, we calculated person-time incidence rates in the four subsets with different ranges of HSP70 level: 0.10-0.26 ng/ml (9.58 deaths per 100 person-years), 0.26-0.33 ng/ml (9.81 deaths per 100 person-years), 0.33-0.52 ng/ml (12.55 deaths per 100 person-years), and 0.52-3.08 ng/ml (13.33 deaths per 100 person-years) Table 2 ). In summary, high (above median) HSP70 concentration predicts 5-year mortality in HF independent of age, sex, BMI, creatinine, and disease severity (reflected by NT-proBNP or left ventricular EF).
A very large number of variables have been shown to correlate with the outcome in HF (McMurray et al. 2012) . The assessment of prognosis is particularly important when counseling patients about devices and surgery (e.g., transplantation), as well as in planning end-of-life care (McMurray et al. 2012) . However, predicting the survival of HF patients remains a complex and incomplete task in clinical practice and therefore, new prognostic markers are needed. As mentioned above, several studies corroborate that circulating HSP70 is detectable in the serum in response to various forms of stress (Dybdahl et al. 2005; Satoh et al. 2006; Wei et al. 2009 ). This marker might gain wide acceptance in predicting the prognosis of, or determining the patients' risk status in cardiovascular diseases (Zhang et al. 2010 ). However, GenthZotz et al. reported conflicting data showing that serum HSP70 was elevated in HF patients but did not predict survival (Genth-Zotz et al. 2004) . Their study was limited by the small number of subjects and by the poor detection limit of the assay used (HSP70 was detectable in only 41 % of HF patients). Our work group demonstrated previously that serum HSP70 levels are associated with disease severity in heart failure (Gombos et al. 2008) , and using a sensitive immunoassay, HSP70 was a detectable in all of our patients. In the present study, we have shown for the first time that extracellular HSP70 is a predictor of all-cause, 5-year mortality in patients with heart failure. We found higher HSP70 levels in nonsurvivors than in survivors (Table 1) .
Elevated HSP70 levels could be linked to cellular stress caused by mild hypoxia from heart failure. Activation of the neurohormonal system with increased catecholamine levels is known to occur in HF, with potential induction of heatshock (stress) response reflected by elevated HSP70 levels (Moalic et al. 1989; Meng et al. 1996) . In HF, hypoxia may also be persistently present especially during acute cardiac decompensation episodes. Hypoxia may further initiate oxidative stress, inflammation, and heat shock response as well as remodeling. As an indicator of the above complex stress response, HSP70 level correlated with left ventricular ejection fraction and NT-proBNP, as demonstrated previously (Gombos et al. 2008 ). According to previous data (GenthZotz et al. 2004 ) and to our current results, HSP70 seems to be a clinically useful biomarker for prediction of mortality in HF; however, further studies are necessary to identify if it is independent from other risk factors and to determine the best cutoff value.
HSP70 levels, age, BMI, left ventricular EF, creatinine, and NT-proBNP were also associated with 5-year mortality in our patients. Considering the contribution of these covariates, we performed Cox regression analysis to investigate their potential influence.
In conclusion, we established that the high level of extracellular HSP70 is an independent prognostic marker in HF and thus, HSP70 could prove suitable for predicting long-term survival in patients with heart failure.
